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INTRODUCTION
At least two sequences have been identified which appear to be important for eucaryotic gene expression. These putative promoters include an ATA box and a CAT box which are located -30 and -80 residues respectively, on the 5'-side of the capping site (1). However, other regulatory regions are almost certainly involved since nuclease sensitive sites of active chromatin can be mapped to the S'-flanking sequence of expressing genes (2,3,A). This suggests that the regulatory/promoter DNA has an altered secondary structure which confers nuclease sensitivity. Recently several Sl-nuclease hypersensitive sites (SHS) from the humanac-globin, the chicken p -globin, the Drosophlla heat-shock genes, and the sea urchin histone genes have been sequenced (5-8). They occur in regions of poly(pyrimidine)' poly(purine) DNA sequences up to 90 base-pairs in length. Other pyrimidine-purine tracts are found frequently in many eucaryotes (9).
Previously we showed that poly(pyrimidine)•poly(purine)
synthetic DNAs spontaneously dismutate at pH 5 to give triplexes containing C.G.C. base-triads (10). e.g.
poly[d(TC)].poly[d(GA)]-E-£-> py[> poly[d(TC)].poly[d(GA)].poly[d(c' T)] + poly[d(GA)]
Although hysterisls (i.e. the presence of a metastable statesee figure 4) is well documented in nucleic acid systems, a physiological role seemed rather unlikely because of the low pH required for formation (11) . Here, we demonstrate that poly(pyrimidine).poly(purine) DNAs containing 5-methylcytosine (m C) will form a triplex spontaneously at neutral pH. Although most m C bases occur at CpG sequences, CpC and TpC diners are also methylated (12,13). Thus, it is possible that the expression of eucaryotic genes may be controlled by triplex formation in 5'-flanking regions.
MATERIALS AND METHODS
(a) Chemicals and Enzymes: Ethidium bromide and DNase I (pancreatic) were obtained from Sigma. Nucleoside triphosphates (including m dCTP), and E^ coll DNA polymerase I were purchased from P-L Biochemicals . 
RESULTS
While investigating the specificity of a monoclonal antibody which bound to poly(dG) •poly(dm C), we prepared other poly(pyrimldine).poly(purine) DNAs containing m C (19). Not only did the polymers replicate sluggishly, but also they consistently gave two transitions upon melting at pH 8 and 10 mM ionic strength (Figure 1) . Some of the transitions have an unusual and characteristic shape, but the total hypochromicity is typical of a duplex DNA. The first transition has a Tm which would be Table 1 Under some circumstances, DNA polymerase I will Inadvertently synthesize a duplex de novo , rather than utilize the given template DNA (16). Thus, the possibility was considered that the second transition was due to some other contaminating DNA. However, several lines of evidence suggest that this is not the case. Firstly, the Tms of the second transitions did not correspond, in general, with the Tms of other duplexes. For If a biological role is to be assigned to triplexes, then they must be able to exist at neutral pHs. It is difficult to assess the effect of pH on the duplex to triplex dismutation from thermal denaturation studies because the temperature is constantly changing. Thus the pH stability was investigated by a more direct method to assess: (a) the pH at which the triplex will form from the duplex and ( In the top diagram the additional pyrimidine strand which is required for triplex formation has been donated by a segment of DNA located away from the Immediate vicinity of the gene. (The folding of the DNA must satisfy the condition that the two pyrimidine strands are antiparallel) . A single-strand binding protein has been included in the model; this would stabilize the triplex by sequestering the free purine strand. In this configuration the gene would be switched "off" since RNA polymerase would not be able to gain access to the promoter. As demonstrated in this work, if the pyrimidine strands contain significant levels of m C, then the triplex configuration will be favoured under physiological conditions. An alternative configuration is shown at the bottom of Figure 5 , where the donating DNA is part of the 5'-flanking region of the gene itself. In this case, the looped out purine strand might form an entry point for RNA polymerase, so that the gene would be switched "on".
These models have several attractive features and can rationalize some of the observations concerning Sl-nuclease hypersensitive sites (SHS) in pyrimidine-purine tracts. For example the displaced purine strand would be digested and all four strands may be nuclease sensitive at the ends of the structure. The model also explains the requirement for negative supercoils before SI sensitivity is observed (6). Since the donating duplex must be unwound, then triplex formation will be favoured by a negative superhelix density in the loop of DNA. 
